Background: Interclinoid ligament calcification and dimensional changes in Sella Turcica seen on cephalometric radiographs are associated with some bone abnormalities as well as normal variations. Merging of anterior and posterior clinoid processes, known as Sella Turcica bridging or roofing and other changes in this area may occur as a part of large skeletal growth changes in body and may have association with craniofacial skeletal patterns development.
Background
One of the most commonly used anatomic landmarks in the skull, which is used in cephalometric tracings, is the Sella point. This point is located at the center of Sella Turcica which encloses the pituitary gland at the base of the skull (1) . Calcification of interclinoid ligaments (ICL) in the Sella Turcica, which are visible on cephalometric radiographs, is associated with some osseous abnormalities and normal variations (2, 3) and also some chronic systemic conditions are associated with morphological changes of Sella Turcica and for instance dysmorphologic types are more prevalent in diabetic patients (4) . In addition, fusion of anterior and posterior clinoid processes, i.e. calcification of Sella Turcica might produce a closed and separate pituitary fossa view on cephalometric radiographs, which is called bridging or roofing of Sella Turcica (3, 5) . The incidence rate of Sella Turcica bridging in normal individuals is 3.8-13% (3) (4) (5) (6) .
Some studies have shown changes in the shape of Sella Turcica during growth (7, 8) . Anatomic abnormalities of Sella Turcica can be used as a diagnostic tool in interpretation of cephalometric radiographs (9) . Since neural crest cells participate in the formation and development of Sella Turcica, teeth and the whole facial region, there might be a relationship between abnormalities in this region (3) .
In 2000, Becktor evaluated bridging of Sella Turcica in patients with severe craniofacial disorders (7) . Jone evaluated bridging and dimensions of Sella Turcica in individuals who had been treated by orthodontic-surgical or orthodontic treatment modalities. The prevalence of Sella Turcica bridging in patients treated with orthodonticsurgical procedures was 16.7% while it was 7.3% in patients treated with only orthodontic methods (5) . In 2007, Alkofide evaluated the morphology and size of Sella Turcica in class I, class II and class III patients in Saudi Arabia (1) . In 2009, Marsan evaluated prevalence of Sella Turcica bringing and its dimensions in adult females in Turkey, who had skeletal class I and class III malocclusions. The results showed that class III individuals had a high prevalence rate of bridging; however, no differences were observed in Sella Turcica dimensions (10) .
In 2010, Marcotty et al. evaluated Sella Turcica bridging in class I and class III patients. The results showed a higher prevalence of Sella Turcica bridging in class III patients (11) .
Since most orthodontic patients undergo cephalometric radiographical examinations, morphologic changes in the Sella Turcica are easily diagnosed on these radiographs. If there is a relationship between morphologic changes of Sella Turcica and the type and severity of skeletal malocclusions, evaluation of these changes on cephalometric radiographs in growing children might help predict the quality and severity of malocclusion during adulthood and prepare a proper treatment plan.
Objectives
The aim of the present study was to evaluate and compare Sella Turcica bridging and dimensions in patients who had undergone cephalometric radiographic examinations for orthodontic treatment, with class I, class II and class III skeletal malocclusions.
Materials and Methods
In the present study the patient files in the archives of the department of orthodontics, Tabriz faculty of dentistry, were evaluated. The radiographs eligible to be evaluated in the study were selected and the subjects were divided into class I, class II and class III groups based on anteroposterior skeletal relationships. A total of 108 cephalometric radiographs (36 class I, 36 class II, and 36 class III) were randomly selected. Furthermore, each occlusal group was designed to have equal number of male and female participants. The criteria used to determine skeletal relationships were ANB angle and A-Pog distance according to values proposed by Anderson (12) . ANB angle between the range 0.1°-3.6°who had also an A-Pog distance between -3.3 -2.8 mm were considered as Cl I normal skeletal pattern, with greater amounts considered as Cl II and lesser ones as Cl III. Subsequently, 36 subjects were randomly selected in each group.
Inclusion criteria were the following: 1. 8 -12 years of age 2. A high-quality lateral cephalometric radiograph Exclusion criteria were the following items: 1. Cleft lip and/or cleft palate 2. Distinct craniofacial syndromes or anomalies 3. Severe skeletal disorders in the vertical dimension 4. Systemic hormonal imbalance or different amount of calcium intake or other systemic disease
Tracing of the Sella Turcica region was carried out on all the cephalometric radiographs, using acetate papers (Orthotechnology, USA) and 0.5-mm blue pencils. A Canon scanner (Model F 3200) was used to scan the tracings and save them in a computer in JPEG format and 1-to-1 magnification. In order to increase the accuracy of measurements, the computer images of tracings were evaluated using Corel DRAW (V. 13) software to calculate Sella Turcica dimensions by Silverman technique at 0.01 accuracy ( Figure  1 ). In the technique introduced by Silverman the distance between the summit of Sella Turcica dorsum and the Sella Turcica tuberculum is measured (a), which shows the length of Sella Turcica. A vertical line (c) is drawn perpendicular to "a" from the deepest point on the sella turcica floor, which is considered the depth of sella turcica. The longest antero-posterior diameter of sella turcica is determined by measuring the distance between the sella turcica tuberculum and the most distant point on the inner surface of the posterior wall of sella turcica (b), which is referred to as the sella turcica diameter (Figure 2 ).
All the diagnostic reference points and dimensions were evaluated and controlled by an oral and maxillofacial radiologist. All the measurements were finally analyzed. Modified Leonardi technique was used to determine (5, 6) . In this technique the length and diameter of Sella Turcica are measured. If the length is greater than three-quarters of the diameter, no calcification is suspected, referred to as Type I. If the length is less than the three-quarters of the diameter, there is partial calcification, referred to as Type II. If the diaphragm of Sella Turcica is visible on the radiograph or the distance between the anterior and posterior clinoid processes is equal to or less than 1 mm, calcification is complete, referred to as Type III.
Method Error
In order to measure method error 10 samples were randomly selected from the three class I, class II and class III groups. After two weeks the tracing procedure was repeated by the same operator and also another operator, and measurements were repeated, too. MedCalC 15.2 software was used to calculate error between the two measurements for each sample in each group. This analysis revealed that the intraobserver and interobserver measurement repeatability was excellent (Intraclass correlation coefficient equal to 0.96).
Statistical Analysis
One-sample Kolmogorov-Smirnov test showed normal distribution of data. Sella Turcica dimension data were evaluated by descriptive statistical methods, including means ± standard deviations. One-way ANOVA was used to compare Sella Turcica dimensions in skeletal malocclusions. Linear regression was used to evaluate relationship between age, gender and type of malocclusion on one hand and Sella Turcica dimensions on the other, using SPSS (V.13) statistical software. In case of statistical significance, a post hoc Tukey's test was used. Statistical significance was defined at P < 0.05.
Data about Sella Turcica bridging was analyzed using descriptive statistical methods (frequency, percent) and chi-squared test using SPSS (V.13) statistical software. Statistical significance was defined at P < 0.05.
Results
One-way ANOVA showed statistically significant differences in the means of Sella Turcica lengths between the three malocclusion groups (P = 0.01, F (2,105) = 4.83). The results of Tukey test revealed significant differences in the means of Sella Turcica lengths between class I and class III groups (P = 0.01) with a greater length in Cl III. The means of Sella Turcica lengths between class I and class II groups (P=0.114) and between class II and class III groups (P = 0.58) had no significant differences (Figure 3) . However, there were no significant differences in the means of Sella Turcica diameters (P = 0.61) and depths (P = 0.37) between the three malocclusion groups. The results of linear regression model showed that Sella Turcica length was significantly related to the skeletal relationship of the jaws (P = 0.003). However, there was no relationship between gender and Sella Turcica dimensions (Tables 1 and 2 ).
In the present study the relationship between bridging and different types of malocclusion were evaluated in the antero-posterior dimension ( Table 3) . The results of chisquared test did not reveal any significant differences between the three skeletal relationships of the jaws (χ 2 (4) = 2.17, P = 0.70).
Discussion
The present study evaluated and compared bridging and Sella Turcica dimensions in patients who had undergone cephalometric radiographic techniques for orthodontic treatment. The subjects were divided into class I (normal skeletal pattern), class II, and class III skeletal malocclusion groups.
The results did not reveal any effect of gender on the length, depth and diameter of Sella Turcica. Since the subjects in the present study were very young (8 -12 years of age) the relationship between age and Sella Turcica dimensions on one hand and bridging of Sella Turcica on the other was not evaluated. Similarly, Leonardi et al. had also concluded that interclinoid ligament calcification is not influenced by age and gender (3) . The means of differences of the Sella Turcica lengths between class I and class III groups were statistically significant. The differences in Sella Turcica bridging were not significant between the three malocclusion groups.
Alkofide evaluated the shape and size of Sella Turcica in 11 -16 year-old patients in Saudi Arabia. The results did not show any significant differences in the means of lengths, diameters and depths of Sella Turcica between males and females, which is consistent with the results of the present study. In the study carried out by Alkofide, the differences in the Sella Turcica diameters were significant between class II and class III malocclusions, with a greater diameter in class III malocclusion. In our study, mean differences of diameter and depth were not significantly different in the three groups, and there was only a significant statistical difference in Sella length between Cl I and Cl III groups, with a greater length in Cl III (1) . So these two studies show Cl III malocclusion as having one aspect of Sella being greater to some extent. A recent review study by Sathyanarayana also reveals that the prevalence of Sella bridging is high in class III malocclusions and dental anomalies (13) .
Becktor et al. evaluated Sella Turcica bridging in patients with severe craniofacial disorders and concluded that Sella Turcica bridging is highly prevalent in patients with severe craniofacial disorders (7). A total of 33 patients (18.6%) of 177 subjects evaluated had Sella Turcica bridging. It should be emphasized that all the 177 subjects had severe craniofacial disorders. In the present study a total of 9 subjects (8.3%) of 108 subjects evaluated had Sella Turcica bridging and none of them had severe craniofacial disorders. It should be pointed out that the technique used in the present study to diagnose Sella Turcica bridging was different from that used in the above-mentioned study.
Jone evaluated bridging and Sella Turcica dimensions in patients who had undergone orthodontic-surgical or simply orthodontic treatment modalities (5) . The prevalence of bridging in patients receiving orthodonticsurgical treatment modalities was 16.7%, with only 7.3% in patients receiving only orthodontic treatment modalities. The overall prevalence rate was not reported in that study.
Marsan evaluated prevalence of bridging and Sella Turcica dimensions in adult Turkish woman with class I and class III skeletal malocclusions. The results showed a higher prevalence of Sella Turcica bridging in individuals with class III malocclusion. This study, like above mentioned ones, also implies a relation between this type of malocclusion and one anatomic aspect of Sella. However, no significant differences were revealed in Sella Turcica dimensions between the two groups (10).
Marcotty et al. (11) evaluated Sella Turcica bridging in patients over 17 years of age, who had class I and class III malocclusions. The results showed a higher prevalence of bridging in class III patients.
The differences in the results of the present study and previous studies might be attributed to the fact that previous studies have evaluated adult patients but the subjects in the present study were 8 -12 years of age (prepubescent subjects). In addition, it should be pointed out that in previous studies Becktor method has been used to diagnose Sella Turcica bridging; however, in the present study the method introduced by Leonardi was used.
It is suggested that the subjects in the present study be re-evaluated during adulthood and the results of the two studies be compared.
Conclusion
In prepubescent years there is a relationship between Sella Turcica length and different types of malocclusion shown by the difference in Sella length between Cl I and Cl III groups, with a greater length in Cl III. However, no such relationship exists between different malocclusion types and diameter and depth of Sella Turcica. In addition, there is no relationship between Sella Turcica bridging and different types of malocclusion during these years.
